Background: Thoracic surgeons have recognized the advantages of minimally invasive esophagectomy (MIE). However, MIE for locally advanced esophageal cancer after neoadjuvant chemoradiotherapy (NCRT) is controversial. This study aimed to nvestigate and summarise the reliability and safety of MIE after NCRT. Methods: We retrospectively analyzed the perioperative outcomes of patients with locally advanced esophageal cancer who underwent minimally invasive esophagectomy after neoadjuvant chemoradiotherapy from January 2016 to January 2018, and compared them with patients who underwent MIE alone during the same period. Results: In total, 107 patients were eligible for the study. Forty-four patients underwent MIE after NCRT (CRM), and 63 patients underwent MIE alone (MA). The surgical duration (253.59 ± 47.51 vs. 222.86 ± 42.86 min), intraoperative blood loss (164.55 ± 109.09 vs. 146.19 ± 112.89 ml), number of lymph nodes resected (18.36 ± 8.01 vs. 22.10 ± 12.03), duration of the postoperative hospital stay (12.84 ± 6.57 vs. 14.60 ± 8.48 days), postoperative intubation time (5.68 ± 3.08 vs. 6.54 ± 4.97 days), total incidence of complications (34.10% vs. 31.7%), and R0 resection rate (95.45% vs. 96. 83%) had no significant difference. The incidence of arrhythmia was higher in CRM (P < 0.02). No mortality occurred postoperatively within 30 days in either group. Conclusion: Minimally invasive esophagectomy after neoadjuvant chemoradiotherapy is a feasible, safe, and beneficial for postoperative recovery of patients.
Background
Esophageal cancer is one of the most common malignant tumours in the world, with the squamous cell carcinoma type accounting for 90% of the cases [1, 2] . Comprehensive treatment is recommended for locally advanced esophageal cancer. A meta-analysis by Gebski et al. [3] included multiple randomized comparison studies with a total of 1724 patients and showed that neoadjuvant chemoradiotherapy (NCRT) increased the 2-year survival rate by 7%. Van Hagen et al. reported that the 5-year survival rate for patients receiving NCRT followed by surgery was higher than that of patients undergoing surgery alone (47% vs 34%, respectively) [4] . The results of the chemoradiotherapy for esophageal cancer followed by surgery [5] showed that NCRT increased pathologically complete response (pCR) rates and improved the prognosis for patients noticeably. Preoperative chemoradiotherapy increased the radical resection rate, progression-free survival and overall survival. The study is of great significance to the treatment of esophageal cancer in China.
The safety and feasibility of minimally invasive esophagectomy (MIE) are well-recognized, and the long-term survival rate is similar to open surgery. MIE is significantly better than open surgery for reducing postoperative complications, enhancing postoperative recovery, and improving the postoperative quality of life [6] . Biere et al. reported that minimally invasive surgery resulted in less blood loss, a lower rate of pulmonary infection (9% vs. 29%), and a shortened hospital stay than open surgery, but it required a longer operative duration than open surgery.These conclusions have also been confirmed in other meta-analyses [7] [8] [9] [10] [11] .
Some scholars consider that preoperative chemoradiotherapy leads to local tissue oedema, fibrosis, unclear anatomical stratification, and decreased immunity, which increases the difficulty of minimally invasive surgery and perioperative complications. Therefore, could MIE have superior outcomes on patients who received induction radiation and chemotherapy compared to those who only had MIE?There are numerous studies that compare MIE with open esophagectomy, with or without NCRT. Fewer studies have compared MIE after NCRT with MIE alone. Is it reliable and safe for patients to have MIE after a neoadjuvant chemoradiation?In this retrospective study, we analysed patients who underwent MIE after NCRT due to locally advanced esophageal cancer from January 2016 to January 2018. Then, we compared the data of the patients with those who underwent MIE only; we found it achieved good short-term results.
Methods

Patients
A total of 107 patients were eligible for this analysis. The flow chart is shown in Fig. 1 . Between January 2016 and January 2018, all the patients were diagnosed with esophageal squamous cell carcinoma, and assessed with cervical and endoscopic ultrasonography, thoracic and abdominal enhanced computed tomography, or positron emission tomography (PET). The clinical stages were stages II-IV (T2-4 N0-2 M0). Forty-four patients underwent a McKeown MIE after chemoradiotherapy, and 63 patients underwent a McKeown MIE only. All the patients signed informed consent before any treatment ( Fig. 1 ).
Neoadjuvant chemoradiotherapy
Preoperative radiotherapy was administered using the Intensity Modulated Radiation Therapy (IMRT) technique, and each patient received conventional fractionation of 200 cGy/d 5 days per week for 4 weeks, resulting in a total dose of 40 Gy. The tumour target area included the primary esophageal tumour and metastatic lymph nodes, and the clinical target area included subclinical lesions (3 cm of normal oesophagus above and below the oesophageal tumour and the corresponding para-esophageal lymphatic drainage area). Preoperative chemotherapy included a regimen of paclitaxel plus cisplatin. Each patient received paclitaxel at a dose of 135 mg/m 2 intravenously on day 1 and cisplatin at a dose of 25 mg/m 2 intravenously on day 1-3. The chemotherapy lasted for 2 cycles.
Surgical procedure
Four to six weeks after completion of the neoadjuvant chemoradiotherapy, the patients were examined using gastrointestinal endoscopy, endoscopic ultrasonography, cervical ultrasonography, thoracic, and abdominal enhanced CT or PET. All the patients were reassessed according to the Response Evaluation Criteria in Solid Tumours (RECIST). The clinical efficacy was evaluated as follows: 19 cases with a partial response (PR), 21 cases with a complete response (CR), and 4 cases with stable disease (SD). No further surgical contraindications were observed during the reassessment, and the McKeown MIE were performed (Additional file 1: Surgery video clip).
The parameters evaluated during surgery were: surgical duration, intraoperative blood loss, the number of lymph nodes resected, surgical resection status, postoperative indwelling duration of the chest tube, duration of the postoperative hospital stay, and the incidence of perioperative complications including arrhythmia, pulmonary infection, recurrent laryngeal nerve injury, anastomotic fistula, and mortality. Clinic staging, postoperative pathological staging, and tumour location followed the Union for International Cancer Control (UICC) esophageal cancer staging manuals, 8th edition.
Statistical analysis
The data were analysed using the SPSS 23.0 statistical software. Comparisons between the groups were performed with the χ 2 test and Fisher's exact test for categorical parameters, while with Student's t test or analysis of variance test for continuous variables. A P value of less than 0.05 was considered to be significant. Of the 63 patients in the MIE alone group, 47 were men and 16 were women, and the average age was 60.06 years. Tumours were localized in the upper section on 10 cases, the middle section on 37 cases, and the lower section on16 cases. The clinical stages were stages I-III. The surgical duration time was 222.86 ± 42.86 min, intraoperative blood loss was 146.19 ± 112.89 ml, and the number of resected lymph nodes was 22.10 ± 12.03. The postoperative intubation time was 6.54 ± 4.97 days, and the duration of the postoperative hospital stay was 14.60 ± 8.48 days. Five patients were converted to open thoracotomy during surgery. The completion rate of MIE was 92.06%. Among the patients, 61 cases achieved R0 resection, 2 cases achieved R1 resection, and no cases achieved R2 resection, R0 resection rate was 95.45%. The overall incidence of complications was 31.75%, including 6 cases of recurrent laryngeal nerve injury, with 3 cases exhibiting hoarseness, 4 cases of anastomotic fistula, 10 cases of pulmonary infection, and 1 case of arrhythmia. No incision infections or thrombosis-related events were noted, and no perioperative mortality occurred. Clinical stage, Pathological stage and response were compared (Table 2) .
Comparing both groups, surgical duration, intraoperative blood loss, number of lymph nodes, duration of the postoperative hospital stays, postoperative intubation time, total incidence of complications, and R0 resection rate have no significant difference. Incidence of arrhythmia was higher in CRM (P < 0.02) (Tables 3 and 4 ).
Discussion
The recommended treatment for oesophageal cancer is multidisciplinary therapy, including surgery, radiotherapy, chemotherapy, and targeted therapy. Preoperative chemoradiotherapy is imperative in patients with locally advanced esophageal cancer. Multiple studies around the world have shown that although NCRT combined with surgical treatment for esophageal carcinoma did not reduce the local recurrence rate and distant metastasis rate, such combined treatment can improve the surgical R0 resection rate and long-term survival rate of the patients to some extent when compared with surgery alone [2] . A meta-analysis compared the postoperative survival rate after NCRT combined with surgery and the survival rate with surgery alone and found that while the 1-year survival rate was not significantly different between the two groups, the NCRT group had a higher 2-5-year survival rate, and the 5-year survival rate with chemoradiotherapy was significantly better than that with surgery alone. The 5-year survival rate with sequential chemoradiotherapy did not show any obvious advantages [12] . Another meta-analysis suggests that preoperative chemoradiotherapy and preoperative chemotherapy are significantly better than surgery alone, but the advantages of neoadjuvant chemoradiotherapy and neoadjuvant chemotherapy remain controversial [13] . Endoscopy causes minimal trauma to the patient, which is beneficial for postoperative recovery and reduces the incidence of perioperative complications [14, 15] . Currently, approximately 30% of esophageal cancers are treated with MIE worldwide [16, 17] . However, the selection of a specific surgical procedure in medical centre depends on the technical capacity of the centre, individual differences in patients, and tumour-related characteristics [18] . MIE is currently the preferred technique. However, the application of MIE in patients with esophageal cancer after neoadjuvant therapy remains controversial. MIE has been reported to be feasible for patients with advanced esophageal cancer after neoadjuvant therapy, but the majority of evidence is based on tumours of the lower esophageal segment, most of which are adenocarcinomas. Squamous cell carcinoma has different tumour characteristics, and tumours of the upper and middle esophageal segments are more challenging surgically [19] [20] [21] . Compared to open surgery, minimally invasive surgery has the advantages of minimal trauma, a shorter surgical duration, less blood loss, and lower pulmonary infection rates. However, preoperative chemoradiotherapy reduces patients' immunity, causes local tissue oedema, adhesions, and fibrosis, and it induces anatomical and tissue organization changes [22] . Additionally, advanced esophageal cancer is typically located near the aorta, trachea, and bronchus, and injury to any of these structures will cause serious complications. The retrospective cohort study by Merrit et al. reported that neoadjuvant therapy did not increase postoperative morbidity and mortality, and postoperative complications were often associated with preoperative complications and surgical techniques [23] . A study by Bosch et al. suggested that neoadjuvant therapy increases cardiovascular and pulmonary complications, mainly pneumonia and arrhythmia [24] . A meta-analysis by Waresijiang et al. also showed that perioperative complications and mortality were significantly lower with MIE versus open esophagectomy [ [25] ]. Rizk et al. reported that postoperative complications were associated with surgical techniques and that minimally invasive surgery performed by skilled surgeons can significantly reduce surgery-related complications [26] . Based on our experience, the McKeown MIE is feasible, and its safety and reliability are ensured by surgical team collaboration. Advancements in chemoradiotherapy technology have enabled considerable minimization of damage to normal tissues and reduced the associated complications. However, after radiotherapy, the primary tumour site of esophageal cancer and the areas receiving radiotherapy often exhibit necrosis, fibrosis, and organizational alterations, further, the normal tissue gap disappears and transforms into a hard, fibrous plate-like structure. The boundaries of the mediastinum are blurred, with an unclear anatomical level. Adhesive fibrosis is more serious in patients with obvious tumour invasion before radiotherapy. Therefore, such surgical procedures have high technical requirements for surgeons, especially for tumours in the middle and upper thoracic esophagus where resection is more difficult and requires careful planning and refinement. The operation should involve precise isolation with minimal dragging and pushing forces that may cause aortic and tracheal damage. Isolation should start from areas with no lesion and gradually extend to areas with the lesion. The dense adhesions of important organs should be addressed at the end of the procedure to reduce the possibility or extent of damage. An experienced surgeon can use a surgical instrument to push against the tumour tissue to assess the mobility of the lesion and its relationship with the trachea and the aorta. If the lesion invades the aorta, the lesion can be resected together with the aortic adventitia. Extended intubation time may damage the throat and trachea. Balloon dilatation of the left main bronchus affects the exposure of the left recurrent laryngeal nerve lymph node area. Dragging force on the trachea may lead to displacement of the endotracheal tube and result in poor lung collapse, which increases the difficulty of the operation during resection of subcarinal and left recurrent laryngeal nerve lymph nodes [7] . Single-lumen endotracheal intubation results in a better collapse of the tracheal membrane, and the use of an artificial pneumothorax in thoracic surgery further accelerates complete lung collapse. Subsequently, the interstitial adipose tissue gap within the mediastinum and the tissue gap around the lymph nodes are widened to fully expose the surgical field, facilitate isolation, reduce blood loss, decrease the rate of recurrent laryngeal nerve injury, and promote thorough resection of the lymph nodes [8, 27] .
Common reasons for conversion to open surgery include total thoracic dense adhesions, technical difficulties since an early stage, and a requirement for dual-lung ventilation to ensure stable intraoperative respiration. In this study, no significant differences were identified in the surgical duration, intraoperative blood loss, the number of lymph node resected, duration of the postoperative hospital stay, postoperative intubation time, and the total complication rate between the two groups (p > 0.05). In a study on minimally invasive surgery in patients after NCRT by Mu et al., patients at stage III accounted for 25.1% of the cases, average surgical duration was 330 min, blood loss was 100 mL (100-200 mL), average number of resected lymph nodes was 22, the duration of hospitalization was 16 days, total incidence of complications was 43.4% (33/76), incidence of complications related to surgery was 25%, and the incidence of pulmonary complications was 2.9% [28] . Bagheri et al. carried out a study on pulmonary complications and found that the difficulty of ventilator separation was related to the number of sputum bacteria, while no correlation was found between neoadjuvant therapy and pulmonary complications [29] . In our study of the NCRT+MIE group, 8 cases of arrhythmia were noted, which is significantly more than the 2 cases identified in the surgery alone group (p = 0.02). The 8 cases of arrhythmia were paroxysmal supraventricular tachycardia, and they were all converted to sinus rhythm after treatment with no adverse cardiac events. These events may be related to myocardial damage caused by chemoradiotherapy. A study by Day et al. found that neoadjuvant chemoradiotherapy tended to increase the incidence of atrial fibrillation complications (73.7% vs 56.6%, p = 0.07) [30] . Previous studies concluded that the ratio of total complications for an esophagectomy was 20.5-63.5%, the incidence of minimally invasive surgery was lower than that of open surgery, and the recovery after minimally invasive surgery was faster than that after open surgery [31] [32] [33] .
This study had some limitations. The sample size of the study was small. Patients enrolled were not randomly assigned, resulting in selection bias. Some of the patients at clinical stage III refused chemoradiotherapy, and surgery was performed alone. Most patients have not been followed up for 3 years. Although we discuss perioperative outcomes, it will be better when we add survival analysis. In addition, the follow-up continued and our department is conducting a clinical trial (CHIC-TR-INR-17013584). We hope to obtain more effective data to improve the advantages of MIE for patients with oesophageal cancer.
Conclusion
In a conclusion, based on the current evidence, minimally invasive esophagectomy after neoadjuvant chemoradiotherapy is feasible, safe, and beneficial for postoperative recovery of patients. This surgical technique is worthy of extensive clinical application. 
